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FOREWORD

The helicopter industry is a highly competitive field of endeavor which by
its very nature requires both practical and theoretical engineering of the
highest- caliber. Research and advance design progress are such that the
existing models are obsolete as soon as, and often before, they can become
operational. Further time lags often are introduced by production schedules,
modification requirements, and retrofit actions. Flight testing is an integral
part of conceiving, designing, and producing a useful flight vehicle. This
production cycle with its great cost and effort obviously places a great
demand on the resources of any particular company. Performance, safety,
cost, time, and expediency are some of the many factors which influence
any aircraft development.

The flight test effort often is considered by many to be the demonstration
of the aircraft and not a great deal of anything else. This view is far from the
truth. Test results should be incorporated throughout the development
cycle, and failure to accomplish this may compromise orjeopardize the end
product. Pilot considerations should be included in the initial design phases
to insure man/machine compatibility. Pilot effort and opinion during the
simulator tests provide the first indication of conceptual feasibility and any
'significant problems. Production and product improvement tests define
operating characteristics and allow for the development of improvements or
solutions to deficiencies as they are discovered.

As the stateof-the-art advances, the aircraft become more complex with
accompanying difficulties in the development cycle. Also, the customer
organizations become larger, more efficient, demand more reliability and
accuracy, and in general, refine their capability in all areas. The manufactur-
ers and Government in turn are forced to provide more comprehensive and
accurate information about the product, thus requiring an ever increasing
flight test effort. This handbook discusses flight testing as it relates to
helicopter performance determinations.

This handbook was written by Kenneth R. Ferrell, Chief Advanced
Methodologyand Analysis Office, US Army Aviation Test Activity.
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PREFACE

The realm of engineering flight test as it exists today developed primarily
out of the necessity for defining the performance, stability, and control of
military and commercial aircraft. The requirement for accurate, repeatable
data is of particular importance for these applications since many people may
be affected by failure to accomplish a given flight plan.

Practical operations make it obvious that theoretical data do not provide
sufficient accuracy for predicting actual operating characteristics. Also asthe
aircraft become more complex, the number of undefined parameters
becomes larger and the necessary information becomes increasingly difficult
to obtain through the usual wind tunnel and model testing. Flight testing
thus was from inception, and is today, a significant and essential part of any
development and production effort.

Flight testing may be classified into various categories such as research,
development, production, functional system, and handbook testing. Each of
these types of testing has their unique objectives, techniques, and worths.
Research and experimental testing is being accomplished by both military,
educational, and commercial organizations. This testing usually is con-
ducted on test beds, modified versions of current aircraft, and on unique
experimental vehicles. Research testing has objectives concerned with
advancement of the overall state-of-the-art and in obtaining information
relative to specific areas. Developmental testing is generally considered to be
defining and improving an established concept or aircraft. Production testing
is devoted primarily to evaluating the production aircraft to insure that
production tolerances and changes have not introduced variations that will
violate delivery standards. The majority of this development and production
testing is accomplished during the early stages of the production cycle.
Product improvement testing normally continues as long as the aircraft is in
production.

Improvements, modifications, and new equipment are evaluated as
required by the customer or by the manufacturer when considered advisable.
Functional and handbook testing is of primary concern to the using
organizations. For the military, this testing consists of operational and
suitability evaluations relative to mission accomplishment and logistic
requirements. The testing includes different environmental conditions and is
conducted at various locations which provide the necessary variables.|Some
of these tests are conducted with operational units under actual operating
conditions.
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Handbook testing is defined as that testing necessary to produce the
pilot's handbook of operating instructions. Two sections of the handbook
are of primary concern, One is definition of the flight characteristics with
particular emphasis on precautionary items and emergency procedures.
Another is the performance section that provides data for the entire
operational envelope of the aircraft. Because of the critical nature and great
importance of the handbook data, emphasis is placed on accuracy and
completeness. A part of the tests is to determine the capability of the
aircraft as well as to establish the performance penalties for improper
operating procedures and flight techniques. Atmospheric conditions and the
configurations available are also factors that are considered.

Many enter the helicopter field of endeavor with the conception that little
or no difference exists between helicopter and fixed wing flight test.
Needless to say, the fallacy of this assumption is soon discovered. True, the
overall objectives are the same and the general approach is similar, but there
the paths diverge. The intimate details concerning nearly every facet are
greatly different, and it is necessary to become accustomed to these
differences. The vibration characteristics, low speed, and autorotation flight
regimes are especially disconcerting to one familiar with high speed
fixed-wingaircraft.

This writing is an attempt to provide some basic testing considerations
that perhaps can be used to consolidate, stimulate, and further the
profession. No attempt has been made to present theory beyond that
required to accomplish the particular test being discussed. This theoretical
information can be found in many references and it is not necessary that it
be repeated here. This is, rather than theory, some considerations relative to
practical helicopter flight testing.

The Engineering Design Handbooks fall into two basic categories, those
approved for release and sale, and those classified for security reasons. The
Army Materiel Command policy is to release these Engineering Design
Handbooks to other DOD activities and their contractors and other
Government agencies in accordance with current Army Regulation 70-31,
dated 9 September 1966. It will be noted that the majority of these
Handbooks can be obtained from the National Technical Information
Services (NTIS). Procedures for acquiring these Handbooks follow:

a. Activities within AMC, DOD agencies, and Govemment agencies other
than DOD having need for the Handbooks should direct their request on an
official form to:

Commander

Letterkenny Amy Depot
ATTN: AMXLE-ATD
Chambersburg, PA 17201
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b. Contractors and universities must forward their requests to:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

(Requests for classifed documents must be sent, with appropriate “Need
to Know” justification, to Letterkenny Army Depot.)

Comments and suggestions on this Handbook are welcome and should be
addressed to:

Commander

US Army Materiel Command
ATTN: AMCRD-TV
Alexandria, VA 22333

DA Forms 2028 (Recommended Changes to Publications), which are
available through normal publications supply channels, may be used for
comments/suggestions.
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speed of sound; kt, ft/sec

main rotor area, ft?

acceleration, g's

engine inlet area, ft2

change in acceleration, g’s

number of blades, dimensionless
= bleed valve position, % from full open

= equivalent blade chord (on thrust basis), ft

average lift coefficient, dimensionless

power coefficient, dimensionless

thrust coefficient, dimensionless
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aim thrust coefficient, dimensionless
= helicopter center of gravity

= differential power coefficient, power coefficient
correction; dimensionless

= differential thrust coefficient, thrust coefficient
correction; dimensionless

= distance traveled, ft

= acceleration distance, ft
= ground distance, ft
= horizontal projection of D g; ;pp , 1t

= distance along runway to takeoff, ft

endurance, hr

exhaust gas temperature; °C

]

engine start gross weight, 1b
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AFC

M

FS

ESwW

FU

LIST OF SYMBOLS (Cont'd)
= force, 1b
= engine thrust, 1b
= gear load at touchdown, 1b
= fuel counter reading, counts (ct)
= fuel counter difference, ct
= figure of merit, dimensionless
= fuel specific weight, 1b/gal
= engine fuel specific weight, 1b/gal
= fuel used; counts, Ib, gal
= acceleration due to gravity, ft/sec?
= gross weight, 1b
= gross weight deviation, 1b
= height above ground, ft
= ideal horsepower, HP
= density altitude, ft
= gear height above ground, ft
= pressure altitude, ft

= height difference, correction, error; ft

altimeter instrument difference, correction,
error; ft

1]

altimeter position error correction, ft

i

in-ground effect

i}

inlet guide vane position, % from full open

= total pressure distortion, dimensionless
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cp = power coefficient constant, slug/ft* -HP
K oy = thrust coefficient constant, Ib/slug-ft*
Ky = fuel counter to fuel volume ratio, counts/gallon

(ct/gal)

Ko = fuel counter constant, gallons/count (gal/ct)
Kcp = gear ratio, dimensionless
K = altimeter temperature correction factor,

Hp dimensionless
K, = power correction factor, dimensionless
KTM = torquemeter conversion factor, in.-1b/psi
KTa = temperature recovery factor, dimensionless
K, = gross weight correction factor, dimensionless
KTAS = knots true airspeed
L = static pressure distortion, dimensionless
LT = left
M = Mach number, dimensionless
My = advancing blade Mach number, dimensionless
Mo = advancing blade tip Mach number, dimensionless
N = revolutions, rpm
ND = nose down
NU =nose up

, = engine speed, rpm
N, = rotor speed, rpm or 1ps

= power turbine speed, rpm

NAMPP = nautical air miles per pound of fuel (specific
range), air-n mi/lb

NAMT = nautical air miles traveled, n mi
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XX

RT

R/C
R/
A(R/C)
R/D

SHP

TAS

LIST OF SYMBOLS (Cont'd.)

change in rotor speed, rpm

= out-of-groundeffect

= power, HP

= pressure; psi, in. H; O, in. Hy

= exhaust gas static pressure, psi

= engine (turbine) pressure ratio, dimensionless
= pressure difference, correction, error; psi,

in. H, O, in. Hy indicated torque (see Eqs. 14-6

actual torque, Ib-in.

(1}

range, n mi

i

rotor radius, ft

1]

right

i

tapeline rate of climb, ft/min

"

average rate of climb from & p, 1O H Py ft/min

rate of climb correction, ft/min

touchdown rate of descent, ft/min

= ground distance traveled after contact, ft
= power required, HP

= time, elapsed time; sec

= time change, required, differential; sec

= temperature, °C

= total thrust, 1b

= true airspeed, kt
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= restraining thrust, 1b
= time to climb, min
= engine (turbine) temperature ratio, dimensionless
= takeoff thrust to weight ratio, dimensionless
= temperature difference, correction, error; °C
= restraining thrust correction, 1b
= airspeed, wind velocity; kt

=advancing blade tip speed: kt, ft/sec

airspeed deviation, loss, correction; kt

air flow, lb/sec

= ideal mass flow, lb/sec

H

weight of ballast, 1b
= fuel flow ;1b/hr, 1b/sec
= weight of load cells and cable, Ib

= fuel available, 1b

= incremental fuel, 1b

course speed length, horizontal distance; ft

angle of attack, deg

azimuth, deg from north

|1

angle of slideslip, deg
= flight path angle
= ambient air pressure ratio, dimensionless

= stick position, in.
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LISTOF SYMBOLS (Contd.)
'8-, = average stick position, in.
6p = throttle position, % from full open
AS, = change in stick position, in.
L = total pressure recovery factor, dimensionless
] = runway g:radlient, theodolite angle, pitch attitude; deg
= air temperature ratio, dimensionless
b = maximum retreating blade angle, deg
0"? = blade collective pitch, deg
Ab = change in pitch angle, deg
] = pitch rate, deg/sec
] = pitch acceleration, deg/sec?
u = advance ratio, dimensionless

=~
"

mass flow, slug/sec

P = air density, slug/ft®

o = air density ratio, dimensionless

g, = rotor solidity, dimensionless

¢ = roll attitude, deg

¢ = roll rate, deg/sec

é = roll acceleration; deg/sec?

0/ = azimuth for maximum blade angle, yaw attitude; deg

‘j’ = yaw rate, deg/sec

;l; = yaw acceleration, deg/sec?

£ = rotor angular velocity, rad/sec
SUBSCRIPTS

a = ambient, free stream, lateral
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MAX

MIN
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LIST OF SYMBOLS (Cont'd.)
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= hover, horizontal
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= position error
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TL = tapeline
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VoL = volumetric
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vs = wind shear
x = horizontal component
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CHAPTER 1

PLANNING

1-1 GENERAL

The same basic technical approach that is
applied to testing should be applied to the
planning, management, and organizational
phases of the program. All aspects should be
considered with emphasis being placed on
management principles that will be compat-
ible with the technical requirements. The
most effective planning can accomplished
only when both the technical and support
groups are knowledgeable and sympathetic
with the peculiar requirements of the other.

1-2 PRELIMINARY PLANNING

The preliminary planning is the first action
that should be taken by a test agency on a
subject program and should begin as soon as
the program is known to exist. In the event of
a cancellation at the last moment, this early
planning effort may be lost; however, in view
of the potential gains, the risk should be
taken. A thorough effort at the onset should
result in logical, timely program progress and
should minimize the risk of lost productivity
caused by unpreparedness at alater date. The
preliminary planning includes an evaluation of
the total scope of the program; a definition of
the objectives, authorities, and responsibil-
ities; an assessment of the time and resources
necessary to accomplish the tests; a schedule
establishment and milestone defiition; estab-
lishment of a suitable work flow channel; and
establishing the appropriate follow-up action.

The request or direction to accomplish a
test program should include the objectives in
sufficient detail to allow a test plan to be
prepared. The objectives should be studied
carefully in light of the existing test capabili-
ties and then a determination made as how
best to achieve the desired results. The objec-
tives should be clear and concise. Any item
that is not so stated is open to misinterpreta-

tion and should be clarified immediately. In a
similar manner the authorities and responsi-
bilities of the program should be as equally
clear as the objectives. Most organizations are
adequately govemed in these areas; however,
when the organization is not adequate or
when unusual circumstances arise, a clarifica-
tion should be made immediately.

Upon receipt of the test objectives and
authority, every possible effort should be
made to obtain all information concerning the
test vehicle. The most important information
is that relative to its physical nature and
operating characteristics. These will greatly
influence all aspects of the testing to be done.
The most fertile area from which to obtain
information is usually the technical library.
Most libraries have the capability to do
research and provide references on any de-
sired subject. The subjects given the library to

_research 'should include the name or designa-

tion of the test vehicle and appropriate words
to describe unusual aerodynamic, propulsive,
or operating characteristics. In all cases, it is
advisable to consult with the aircraft manu-
facturer. By necessity the manufacturer must
have extensive knowledge concerning al gen-
eral aspects of the test item and may be the
only source of information concerning its
unique characteristics. This is invariably the
situation for the newer VITOL and advanced
helicopter designs.

An important portion of the preliminary
planning is the establishment of a schedule
and the fixing of milestone events. Some
events to be considered as milestones are test
plan publication, instrumentation specifica-
tion, arrival of the test vehicle, first flight,
program phase completion, completion of the
total flight program, completion of data
reduction, completion of report writing, and
report publication. When the calendar dates
cannot be established, the schedule should be
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arranged in terms of time from arrival of the
test item. This will provide a general schedule
and allow continuation of the planning effort.
The program logically should be separated
into various phases within the whole. The
nature of these phases will depend upon the
individual program, the schedule,and the test
objectives. Most performance programs can be
divided into phases similar to the subjects
discussed in Chapters 4 through 14. Other tests
such as environmental, reliability, and main-
tainability will be susceptible to a similar type
of definition. These phases in tum can be
separated into subdivisions. It may be advis-
able to define the phases according to con-
figuration (clean and dirty), gross weight
(light and heavy), atmospheric conditions
(high and low altitude), temperature (hot and
cold), and performance regimes (high and low
speed). In other cases it may be judicious to
separate the phases by test area such as sea
level, desert, mountains, or tropics. Regardless
of the phase definition method used, accom-
plishing this will aid greatly in organizing,
implementing, and reporting on the program
from inception to conclusion. One note of
caution here is to be sure that the definition
procedure is logical and that it is not so
detailed as to become meaningless.

The next item to be established is the
personnel and resources required to accom-
plish the test effort. Defining the personnel
may include creating an organizational chart
and assigning responsibilities. The complexity
of this effort will depend upon the magnitude
and scope of the program. Arrangements
should be made to insure that support will be
available at the proper time and manner. The
person responsible for the preliminary plan-
ning should monitor the program and ascer-
tain that the initial action is accomplished in a
timely and proper manner.

1-3 TEST PLANS

The test plan may be written as soon as the
preliminary planning has been adequately
accomplished and sufficient information is
available conceming the program and test
vehicle. In some cases the test plan may be
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written prior to the scheduled submission
date. When this is possible, it will provide
more opportunity for correction, revision,
and improvement. It is also desirable that the
plan be written by the party responsible for
the execution of the tests. When this is
accomplished, there will be a minimum of
communication and interpretation problems
at a later date. It is also possible to make the
plan more general in nature, thus providing
more flexibility.

The test plan is the proposed plan of action
and as such should contain information perti-
nent to the test objectives, schedule, loca-
tions, and necessary resources. The exact
sequence of the tests is not a requirement;
however, a general indication of the proce-
dure to be used will enable the reader to
understand more clearly the intent of the test
plan. When possible, the plan should be
written in a general rather than a detailed
format. In the case of unusual tests it may be
necessary to provide detailed information in
order to allow a clear understanding of the
work to be accomplished. Good writing prac-
tice is required, however, it must be remem-
bered that the most important aspect is to
disseminate information and to establish clear-
ly in the reader’s mind how the testing is to
be accomplished and how this will achieve the
test objectives. A clear understanding of the
overall program must be transmitted as well as
the necessary details.

The scope and nature of the program are
the primary factors that influence the test
plan. An outline should be prepared first to
insure that all the necessary areas are being
considered. From this general outline, it is
possible then to proceed with confidence to a
more detailed outline where the specifictests
are noted. With this in hand, the next step is
to develop the first draft of the detailed test
plan. Each test must be clearly stated relative
to method, objective, and anticipated results.
A minimum of detail should be presented in
each of these categories. When a large amount
of detail is unavoidable, references should be
given or an appendix should be added. A good
technique is to use general statements and
refer to other reports for details.



An important part of most test plans is the
detailed schedule. Some milestones have been
established during the preliminary planning
phase. These must be modified to reflect all
changes and include the most current infor-
mation. The instrumentation phase must be
coordinated to prevent any slippage caused by
workload, schedule, or logistics. The allocated
time for the instrumentation installation
should be verified to insure completeness and
adequacy. Any aircraft maintenance work
prior to flight also should be included and
coordinated with the appropriate groups. The
flight portion of the program should be
established. Each test can be examined to
determine the flight time required. The total
productive time then will be the total of all
the individual tests specified. Some factor
may be applied to determine the number of
flights required to produce the required pro-
ductive total time. This factor primarily will
be a function of the type of aircraft and the
testing being done. The average time per flight
will be the most important single considera-
tion. The next item to determine is the
number of flights per day that can be expect-
ed. This, again, is dependent upon the aircraft
and the type of tests. All these factors then
are summed to give an estimate of the
calendar time required to accomplish the
flight portion of the program. The wise
scheduler now will rely on knowledge and
experience to include a margin for some of
the inevitable delays that will be encountered
during various phases of the program. To
estimate best the advisable margin, a review of
similar programs will provide a rule of thumb
for the percentage of flights aborted, weather
considerations, instrumentation requirements,
and nonavailability of the test aircraft. Allow-
ance also should be made for any necessary
travel to additional test sites, “down time”
for scheduled aircraft maintenance, configura-
tion changes, and any instrumentation re-
calibrations. All support groups should be
consulted to insure that no omissions exist
in the contingency considerations.

Another significant item is the time re-
quired for the data reduction effort, data
analysis, and report writing efforts. These
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estimates are the ones most often in error.
The estimates are determined by considera-
tion of the personnel available and the antici-
pated workload. The engineering effort re-
quired per flight varies greatly with aircraft
and the type of data being obtained. A most
pessimistic estimate is advisable. There are
many items that dictate this, however, in the
main they characteristically come from these
sources. The necessary personnel and facilities
planned and scheduled invariably do not
materialize. Test progress usually uncovers
areas that require additional efforts both in
testing and datareduction, and analysis. It is
surprising the amount of time these items can
add to this portion of the program. Although
the report writing effort is usually concurrent
with the data reduction effort, for scheduling
purposes they should be separated. Here,
again, it usually takes longer to write the
report than one would suppose. Some of the
delaying obstacles encountered are interrup-
tions, concurrent efforts on other programs,
lack of clerical and editing support, and lack
of author inspiration. The latter item is
occasionally the most important considera-
tion. It is also the most difficult to account
for, and is invariably the least understood by
all, including the author. Increased magnitude
of the program introduces extensive cross
referencing, comparisons with other results,
and requirements for detailed discussion of
the data. An accelerated program or a high
productivity test will reduce the amount of
time available for writing the report. A highly
complex test vehicle or test procedure will
require more technical research and original
work. All these factors are difficult to plan
and schedule, though they should be consider-
ed. The coordination cycle for the report
must be analyzed carefully to determine the
number of personnel and offices involved, and
what has been the past performance relative
to coordination. A reliable estimate of the
publication time usually can be obtained from
the graphic arts group. The total of all these
items then will yield an estimate of the total
program time.

The publication of the test plan changes
the program from an abstract idea into a

1-3
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reality. The project engineering office now
can assign personnel to the project for prelim-
inary calculations, construction of data reduc-
tion forms, and preparation for the anticipat-
&l workload. Maintenance and flight person-
nel are able to enroll in the necessary training
schools, and the appropriate logistic actions
can be taken. From the specified tests, it is
now possible to determine the instrumenta-
tion requirements and prepare the
instrumentation specification. Each group can
establish cost estimates and start providing
equipment and personnel.

14 FLIGHT CARDS

The flight cards should be prepared as soon
as the test plati is written. This procedure will
prevent the occurrence of a high workload at
an inopportune time during the program.
They also will provide detailed information
on how each test is to be performed and will
allow time for improvements or corrections to
be made at the earliest date. It must be
remembered that making the cards in advance
probably will result in certain changesin light
of unexpected test results and additional
requirements based on further knowledge. In
any event, it is easier to modify an existing
card than to originate one, and there will be a
net reduction in the total effort.

Flight cards are necessary for the pilot and
flight test engineer to conduct each test
effectively. The card must contain the neces-
sary information relative to the pilot effort as
well as the data to be recorded. It is desirable
to have the pilot concentrate on the operation
of the aircraft with a minimum of other
duties. To accomplish this, most effectively
an observer should be used to record all
necessary data, calculate changes in the test
conditions, and to plot the data as they are
obtained during the flight. When specifying
conditions for the pilot, the instrument error
should be accounted for to reduce the pilot
effort and to insure the proper flight condi-
tions.

In cases where the pilot is required to fly
solo, he should be briefed thoroughly on the

14

data requirements and any deviations that are
anticipated. This briefing also enables the
pilot more accurately to plan the flight so
that the maximum productivity may be real-
ized. Radio contact should be maintained at
all times, and ground personnel should record
the data transmitted by the pilot. The pilot
also may have questions that can be answered
by the ground personnel. This aspect is
doubly important when conditions are such
that the primary test mission cannot be
accomplished and 1t is necessary to adopt an
alternate test. The pilot may not have suffi-
cient intimate knowledge of the data require-
ments to plan and execute adequately an
alternate mission without ground support.
The ground personnel should be prepared at
all times for this situation. Also, additional
tests should be planned prior to flight in the
event the test progress is more rapid than
expected. Giving the pilot more than he can
accomplish is the general practice to insure
that no portion of the flight time is wasted.
However, this practice may be detrimental in
that the pilot will try to accomplish the entire
card regardless of the magnitude and in his
haste may obtain questionable data. Perhaps a
better technique is to give the pilot a realistic
card and keep the other tests in reserve until
they are required. Thisis somewhat more of a
workload on the-ground personnel but may
increase the flight productivity .

Detailed flight cards for each type of test
are discussed in the appropriate chapters.

1-5 DATA REDUCTION FORMS

The test plan and the flight cards specify
what data will be obtained and how the tests
will be conducted. The instrumentation speci-
fication will determine the form of the data
when the data are available for reduction.
With this information at hand, it is now
possible to establish the data reduction meth-
ods and procedures. Accomplishing this task
at this time will alleviate the backlog of data
that normally occurs when the flying starts
and the reduction procedure is not at full
capability.



The data may be either automatic or
manually processed. In either case the initial
procedure is the same. The test to be conduct-
ed should first be placed in similar categories.
The test plan is normally in this format which
simplifies the task. Then for each category a
data reduction procedure should be establish-
ed and a data flow chart constructed. This
will serve to clarify the process and to provide
the most effective means for accomplishing
the effort. Items to be included are data
handling, data reading, data processing, data
presentation, and data analysis. The data
handling term is meant to cover the overall
processing, transportation, and the data man-
agement. The data reading is intended to
encompass the processes of converting the
recorded data to usable engineering informa-
tion. The most common forms of this are
reading of oscillograph traces, reading of
photo panel film, and obtaining a computer
print out. The data processing refers to the
calculations or corrections that must be ap-
plied to put the data in a form suitable for
presentation. This may involve either manual
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or computer techniques. In either case, the
engineer must develop a detailed step by step
procedure in engineering terminology of all
the computations that are required. This form
serves two purposes. First, it provides the
information for the programmer to develop
into computer language, and, second, it pro-
vides a tool for checking the final computer
program. Failure to accomplish this program
checking can lead to disastrous results, since
the conversion is not always accomplished
literally. The data presentation required is
determined by the test objectives and the
anticipated test results. The data may be in
either tabulated or plot form. In either case,
the format can be established and this will
save a great deal of hurried effort later in the
program. Generally, a review of contemporary
reports will provide a guide as to the appropri-
ate plots necessary to present the data.

Detailed data reduction forms and graphi-
cal presentations of the data are presented in
the chapters that follow.
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CHAPTER 2

INSTRUMENTATION

2-1 GENERAL

Instrumentation as discussed here will per-
tain to that required for performance, stabil-
ity, and control testing. However, a similar
approach will provide adequate results for
other test programs such as structural, devel-
opmental, and research. Each test may have
particular requirements, however, the objec-
tives are similar;i.e., to provide quantitative
data  to aid in_ future design, to correct
existing deficiencies, or to increase the overall
knowledge of a specific area. The test data are
used primarily to provide information relative
to operating and performance characteristics
as well as to correct deficiencies that resulted
from insufficient or inadequate design criteria
and assumption. The importance of the in-
strumentation cannot be overemphasized,
since the entire effort will be for naught if the
data are not accurate, valid, and complete.

2-2 PLANNING

The initial instrumentation requirements
should have been considered in the prelimi-
nary planning phase. The detailed planning
should have been accomplished at the earliest
possible date to insure an adequate and timely
progression of the instrumentation effort. An
unforeseen delay may cost valuable flight and
calendar time. However, in some cases it may
be more expedient to plan a progressive
installation based on the test requirements
and sequence. S0 long as adequate lead time
and planning are provided for the instru-
mentation personnel to build, install, and
calibrate the additional equipment a mini-
mum or no delay will be incurred by this
approach. An unscheduled instrumentation
effort is to be guarded against since in most
instances an installation and calibration time
is required and, unless properly planned for,
will result in an excessive delay in the test

program. Generally speaking, even the most
elaborate and complete instrumentation ar-
rangement will prove to be inadequate in
some area and revisions or additions may be
necessary. This primarily is caused by new
requirements as the test program progresses
and the data are analyzed. In view of this, the
necessity for careful analysis and planning of
the instrumentation requirements and installa-
tion is readily apparent.

2-3 REQUIREMENT GUIDELINES

The instrumentation requirements can be
determined from the test objectives and the
test plan. From these general requirements it
is necessary to prepare a detailed instrumenta-
tion specification. This specification must
contain a complete listing of all equipment
required, work to be accomplished, time and
manpower available, as well as sequence and
general cost analysis. Sufficient detail must be
given so that equipment may be ordered,
wiring diagrams be prepared, and drawing be
made for fabricated parts and instrument
packages to be installed. The instrument
specifications should be prepared by the
instrumentation engineers. The flight test
engineer should coordinate to insure adequate
coverage as well as compatibility with the
existing facilities and the general suitability of
the installation. Also, it is necessary for the
flight test personnel to be intimately familiar
with the instrumentation so that malfunc-
tions during the testing may be detected
quickly and corrected.

Since the instrumentation facilities must
operate within the overall guidelines establish-
ed by’ the flight test engineer, he should
specifically consider the following items :

1. In many cases, more than one method
of recording the data may be used.
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2. In general, the most important param-
eters should be recorded by the most reliable
method with items of lesser importance
being recorded as appropriate.

3. For critical items it may be desirable to
have duplicate recording. This duplication
also may be useful in data reduction and
correlation procedures. This method will re-
duce the loss of data from individual instru-,
mentation malfunctions and the number of
repeat or abort flights.

24 RECORDING OF DATA

The data should be recorded in a manner
that will allow the reduction to be accom-
plished most easily. Many variables can be
recorded conveniently in only one manner
and there is little choice. The degree of
accuracy which can be obtained will vary with
different recording methods and considera-
tion should be given in this area. The most
satisfactory data recording method may be
determined by consideration of the following.

1. Number of parameters to be recorded
2. Type of data reduction to be employed

3. Time allowance for reduced data to be
presented

4. Cost and time available for instrumenta-
tion installation

5. Reliability required
6. Type of data presentation to be made
7. Weight and space available.

The number of parameters to be recorded
should determine immediately the require-
ment for automation. Whenever more than
twenty parameters are recorded, an automatic
system is desirable. Some of the automatic
data recording systems to be considered are
magnetic tape, telemetry, photo panel, and
oscillographs. These systems are invaluable for
particular types of tests and in some cases
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must be used regardless of individual desires.
Tape and telemetry easily can record a large
number of variables. Oscillographs and photo
panels are limited individually in scope and
several may be required. For a small number
of variables it is possible for either the pilot or
an observer manually to record visual data.
This method is most effective for a perform-
ance test and, when possible, is preferred over
any other method. In many cases the manual
system is supported by an oscillograph or
photo panel whichis a highly desirable arrange-
ment whenever feasible.

For some types of tests, such as structural
demonstrations and critical stability and con-
trol test, it is necessary for real time during
the progress of the tests. The only method
that can accomplish this is telemetry or visual
indicators in the aircraft. Since stress and
dynamic stability data cannot be presented
easily with indicators, this leaves telemetry as
the only realistic method. Most telemetry
layouts have the capability of visually por-
traying the data while simultaneously record-
ing a permanent record. This permanent
recording device may be in the aircraft or
located in the ground station. Al methods
other than telemetry require that the aircraft
return prior to accomplishing any data reduc-
tion effort. Photo panels and oscillographs
require a time interval for the records to be
developed and read prior to starting the data
reduction. Hand recorded data are immediate-
ly available for processing after the flight and
can be analyzed between flights. This may be
an important consideration when consecutive
flights are dependent upon each other. Visual
hand recorded data are also very useful for
in-flight plots which will insure completeness
and that erratic points are repeated at the
appropriate time.

The type of data presentation to be made
will somewhat restrict some of the recording
methods. The recording systems all may have
a similar capability but the amount of data
reduction effort may vary greatly. When high
density time histories are desired, the photo
panel and hand recorded data are inadequate
and difficult to process. The values must be



plotted and then curves faired through the
points. Telemetry, magnetic tape, and oscil-
lographs can produce this type of data direct-
ly.

The weight and space allowance is usually a
function of the aircraft dimension and per-
formance. The number of parameters is the
single determining factor, and the instru-
mentation system must be arranged accord-
ingly. The number of parameters per Unt
weight or volume is greatest for the magnetic
tape system of which there are many varia-
tions. For small, limited space vehicles, where
a large number of variables are of such
interest, a magnetic tape systemis invaluable.
When space or weight is not at a premium,
then it is desirable to use several oscillographs
or photo panels. The biggest problem with
this type of arrangement is the time to
correlate the data and accomplish the data
reduction. The time correlation must be
accomplished very accurately or the data may
be invalid or unusable. To best achieve this,
each of the recording devices should be
identified or coded simultaneously in order to
fix the events in time and sequence.

2-5 COST CONSIDERATIONS

The funds available for the instrumentation
and the emphasis placed on the expenditures
may affect greatly the final instrumentation
arrangement. Good instrumentation is seldom
inexpensive, however, quality should never be
sacrificed for quantity. It is far better to
obtain a small amount of accurate data than
to obtain a large quantity of inaccurate or
questionable data. In fact, inaccurate data
may be worse than no data at all. Inaccurate
data may damage the reputation of the flight
test department and the organization as a
whole and, in some cases, result in crashed
aircraft and loss of life. Also, great fmancial
losses may result from erroneous data being
incorporated into future designs that may
result in an undesirable or unusable product.
For the Government agency, there is a dual
responsibility, an accurate and fair evaluation
,of the contractors’ products as well as an
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obligation to the country and the men who
may be using the vehicle for national defense;
In the event fmancial resources are not
available for an adequate instrumentation
installation, the appropriate group should be
notified immediately so that action may be
taken. AIl personnel concerned should be
aware of the situation so that, if necessary,
the program objectives can be altered or more
resources can be made available to accomplish
the existing objectives.

The most costly data system is a magnetic
tape recording system in the aircraft com-
bined with telemetry of the data to aground
station. Photo panels and oscillographs are
relatively inexpensive and, of course, visually
recording instrumentation is the least expen-
sive of the systems previously discussed.
Unless cost is of prime importance, the choice
of data recording methods should be deter-
mined by accuracy requirements and overall
suitability. The time for the installation must
be scheduled commensurate with the type of
installation required. The more complex
systems generally require considerably more
time than the simpler systems.

The reliability aspect is associated most
closely with the anticipated productivity re-
quired. For aircraft with very limited time per
flight or flights per day, it is essential that no
data be lost. This also may be the case for
aircraft which are of a very complex or
expensive nature. Reliability is also very
important during high rdsk tests where it is
dangerous and perhaps impossible to repeat
the test. Reliability of the various systemsis a
highly controversial subject; however, the
consensus is that complexity contributes to
low reliability. Flight test experience with the
various instrumentation arrangements bears
out this consensus.

2.6 SENSOR DEFINITION AND CALI-
BRATION

The most important part of the instru-
mentation specification is usually the one
most neglected by the planning and technical
groups. This is the sensor definition, the range
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and accuracy capability, and the calibration
procedure. Many times the instrumentation
groups encounter what to them are unrealistic
or impossible requirements. This can be
caused by very stringent test requirements or
simply from the requestor not being familiar
with the instrumentation capabilities. In some
cases the instrumentation personnel will as-
sume the latter and freely substitute a lesser
capability. This, of course, should not be
done without first determining that this
change will be satisfactory. Conversely, the
requestor should never impose a requirement
without follow up action to be sure the
desired effort will be accomplished. The
proper sensor must be chosen in order for the
rest of the recording system to cbtain the
necessary input data. The sensor also must be
compatible with the remainder of the system.
The calibration schedules must be specific
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with respect to procedure, range, sensitivity,
and increments. This is necessary to insure
that the calibration is accurate and complete.
The validity and accuracy of the calibration
standards should be compatible with the
calibration requirements. Environmental and
operating conditions should be considered
during the calibration. When the laboratory
calibrations differ greatly from the test
conditions, significant variations may result.
The most potentially accurate system avail-
able will not yield correct data if the
calibration is not accomplished properly. Too
often the lack of communication between the
flight test and instrumentation personnel
causes the calibration to be done in an
undesirable manner. The flight test engineer
should be thoroughly familiar with the
calibration procedure and the requirements,
and should participate in the calibration to
insure a satisfactory result.
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CHAPTER 3

GROUND EQUIPMENT

3-1 GENERAL

The helicopter is associated more closely
with ground operation than is the conven-
tional fixed-wing aircraft. This includes scope
as well as percentage of time spent in ths
environment. As a consequence, the number
of tests necessary in this areais greater, and it
is more important to define the aircraft
condition relative to the ground and existing
ground environment. This task is complicated
by the rotor influence on both theatmos-
phere and ground conditions. These influ-
ences become greater during the more impor-
tant in-ground effect operations.

Some of the tests that are conducted in
ground proximity are hover, takeoff, transla-
tion, air taxi, powered landing, and autorota-
tional landing. These tests are discussed in
detail in Chapters 5 through 14.

3-2 HORIZONTAL THRUST STAND

The horizontal thrust stand is necessary to
determine the static installed longitudinal
thrust of the test aircraft. This device has
limited use for most helicopter tests. Most
modem thrust stands are equipped with self-
centering or null-balancing devices so that the
load cells can be zeroed prior to beginning a
test. This zero should be checked to be sure
there is no excessive drift with either running
time or thrust load. All tare values prior to
and after the test should be recorded. The
geometry of the stand should be noted with
emphasis placed on the aircraft/stand com-
patibility. This can be significant when testing
aircraft with other than conventional propul-
sion systems, heat or hot gas impingement
being the most frequently encountered of-
fender. The instrumentation should be in-
spected carefully. The calibration of the stand
should be current and if any doubt exists, the
calibrations should be repeated. The recording

range should be noted and incorporated into
the test procedures to prevent exceeding the
limits of the equipment. The aircraft mount-
ing requirements should be noted, and any
special equipment should be constructed. The
installation should provide a blockhouse or
other suitable protection from blast and noise
for the recording equipment and personnel.
Any available communication and atmos-
pheric equipment should be utilized to the
maximum. When not available, arrangements
should be made to provide the necessary
items.

3-3 VERTICAL THRUST STAND

The vertical thrust stand is usually far more
complex than the horizontal thrust stand. The
geometry of the stand is of vital importance.
The various forces and moments usually will
have to be resolved to obtain the necessary
data. The distances or moment arms for the
sensors are required to accomplish this. The
sensor positions and dimensions relative to
the aircraft also must be known in order to
correlate the thrust data with the aircraft free
flight performance. A careful study should be
made of the instrumentation to insure that all
the parameters are clearly defined and that
there are no unknown force interactions.

Normally, there is a multitude of data
being recorded at each test point from the
environmental stations, the thrust stand, and
from the aircraft. The most difficult task is to
correlate accurately all the recordings. The
surest way to accomplish this is to record the
same identification mark on &l the records at
precisely the same time. This can be accom-
plished by manual marking on a signal over a
common communication network or by
having the data systems mark automatically at
the activation of a switch. The la‘ter method
is preferable but when properly done, either
system should yield satisfactory results. The
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signal to record and identify data should
come from the aircraft rather than the ground
since that is where the specified test condi-
tions are being controlled. Since most thrust
stands have height as well as attitude vari-
ables, great care must be taken to establish
and record the precise stand configuration for
each test.

The ground equipment on most vertical
thrust stands contains some provision for
measuring the external environment—the
most common measurements being pressure
and temperature. Velocity and direction of
airflow also may be included. There are many
different arrangements that may be utilized
and no attempt is made here to discuss them
all in detail. One thing common to &l thrust
stand tests is the communication problem.
Normally, the environment personnel are in
the open with no access to a radio. For their
data to be meaningful, they must be able to
correlate these data with the aircraft operat-
ing conditions. One good way to accomplish
this correlation is through a ground intercom-
munication network. In fact, if the facilities
permit, elimination of all radio equipment
will simplify the entire operation. This is
particularly true for aircraft that have poor
radio operation near the ground.

The preparation relative to safety, opera-
tion, instrumentation, calibration, and stand
suitability has been discussed previously for
the horizontal thrust stand. The mounting
problemis far more difficult in general, and in
particular when attitude changes introduce
side forces on the gear or other restraining
points.

34 ATMOSPHERIC EQUIPMENT

For most ground tests it is necessary to
define the condition of the external environ-
ment. During the thrust stand, hovering,
takeoff, and landing tests, the relative wind
velocity and direction are required to correct
the data for wind effects on thrust, distance,
and airspeed. For these conditions, the air-
craft recorded atmospheric data are usually
unreliable because of rotor downwash and
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re-ingestion effects. The aircraft performance
is usually sensitive to very low wind condi-
tions and an appropriate anemometer is neces-
sary. The wind condition and direction rela-
tive to the aircraft also should be determined.
The best method is to mount the anemometer
2 that it will be possible to note direction
and velocity simultaneously. The wind vane
seeks the direction of the wind and insures
that the wind velocity is measured at the same
time in the same direction. The assembly
should be portable so that it can be position-
ed in the proper location at the test site.
There are several commercial models avail-
able, however, a suitable instrument can be
constructed easily.

The ambient pressure and temperature also
should be recorded by a source independent
of the aircraft. Most tests are conducted at an
aircraft installation, and the tower usually has
atmospheric data available. This type of data
may be unsatisfactory for several reasons. The
accuracy is normally less than that required
by test standards, and the recording location
is not in proper relation to the test site. A
better method is to procure an installation
that is portable and has the desired accuracy.
Commercial equipment is available, or a suit-
able installation can be constructed. Both the
thermometer and the altimeter should be
sensitive calibrated test instruments. Caution
should be used so that the equipment is
located in a manner that will yield true
atmospheric data. Free air should be flowing
through the devices and care should be used
to prevent direct exposure to the sun.

The previously discussed wind measuring
techniques record the conditions relatively
near the surface and may not indicate any
shear effects with altitude. This knowledge
usually is required during landing tests. An
indication of the wind characteristics may be
obtained by observing the behavior of ascend-
ing smoke. This method will not yield quanti-
tative data and usually is not effective in any
case for altitudes above 50 ft. An elevated
anemometer device will provide the necessary
data, however, this type of device usually is
not available when operating at remote sites.



Another method for estimating the wind at
altitudes consists of a neon filled balloon tied
to the ground. The deviation of the string
from the vertical is an indication of the wind
velocity at the balloon elevation. By setting
the balloon at the same height as the aircraft,
the wind at the test altitude can be evaluated.

3-5 THEODOLITES

During takeoff and landing tests, visual
theodolites should be used to determine both
horizontal distance and height above the
ground. These theodolites may be in both
vertical and horizontal forms, and can be
constructed easily from metal and Plexiglas.
Using the relationships of Fig. 3-1, one may
construct a theodolite for any desired height
or offset distance:

X =
y

ol

(G-}

Tiw
S ES

(by similar triangles)

where
d = offset distance from the runway
£ = runway horizontal flight path
h = height above the runway

x = distance from sight to the theodolite
scale

y = vertical length of scale
w = horizontal length of the scale

The scale may be constructed for any desired
distance, and employment of multiplication
factors can make it useful for more than one
offset distance. The accuracy of the instru-
ment decreases as the offset distance becomes
greater. The theodolite should be aligned
accurately with the runway. The vertical
theodolite is of particular use during autorota-
tion landing tests where height above the
ground must be known precisely in real time.
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Figure 3-1. Theodolites

3-6 CAMERAS

Variable speed cameras presently are used
to record visually presented data in the
cockpit and on the photo panel. The camera
speed 1s adjusted according to the density
desired. A desirable installation is one which
has more than one speed available to the
recording personnel in the cockpit. This will
allow selection of the speed most suitable for
the type of data being recorded. Film also can
be conserved when a high speed is not
required. This type of data recording system,
requiring a great deal of data reduction effort
to read each frame, is generally a poor
method of recording other than static condi-
tions. Other uses of photographic recordings
are primarily to provide qualitative informa-
tion with respect to tuft studies, flutter and
other component motions, ordnance and
debris patterns, and recording pilot visual
phenomena. These cameras are located on the
aircraft in an appropriate position or some-
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times carried in a chase aircraft. In some
instances, the film is used to provide quantita-
tive data by scaling the dimensions from the
picture. This is extremely difficult, since the
mounting must be precisely right to show the
true dimensions. When this is not done,
reducing the data may become a descriptive
geometry problem of some magnitude. When
more than one camera is being used, the time
correlation becomes a factor. A frequently
used technique to accomplish this is to have
an interrupter that will expose a frame at the
same time on each camera. Placing a clock in
the field of view of each camera is another
technique that sometimesis used.

Ground cameras are used to record the
behavior while in ground effect or during
takeoff and landing tests. During hover, a
camera is a useful tool for establishing the
aircraft height above the ground. This can be
accomplished using a known dimension to
determine a scale for the photograph. This
dimension may be a part of the aircraft or
may have been added prior to the test. The
reference dimension should appear in true size
in the photograph. This requires that the
photographer be in the proper position when
the exposure is made. The best way to insure
this is to designate the spot over which the
aircraft is to hover, and then at some desirable
distance inscribe a circle. The photographer
then should be instructed to stay on the circle
and at right angles to the reference mark or
dimension. This will insure that the reference
is viewed in full dimensions and also that the
distance from the photographer to the object
is a known value.

During the takeoff and landing tests, a
special camera known as a Fairchild Flight
Analyzer is used to record the aircraft mo-
tion. This camera has the capability of taking
a series of pictures while simultaneously
recording relative lapsed time. The camera
carefully is located a known distance from the
runway and is in a level position. Included in
each series of pictures are two tafgets that are
at a known distance and geometric pattern.
Normally, they are parallel to the runway and
200 ft in front of the camera location. One
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target usually is directly in front ‘of the
camera and the other one is offset laterally
100ft from the first. A typical installation is
shown in Fig. 3-2.

The flight path distance between the tar-
gets can be calculated by similar triangles as
previously discussed under visual theodolites.
The offset distance and target distances may
be changed as desired. Increasing the offset
distance will provide a greater flight path
distance coverage but will reduce the size of
the aircraft image and a loss in reading
accuracy usually will result. The relative
distances between the different pieces of
equipment must be measured accurately and
recorded for each installation. A surveyor’s
equipment should be used to assure that the
angles and lines are correct. The timing device
in the camera is a critical item and should be
checked periodically with a stop watch. The
accuracy of the plates will be influenced by
the tracking precision which is a function of
the operator proficiency.

3-7 HOVERING EQUIPMENT

For obtaining hovering data, a free flight or
tethered technique may be used. Atmospheric

 measuring equipment at the ground stationis

needed for both methods. For the free flight
technique, two conditions should be consider-
ed which require special equipment. The
in-ground effect hovering requires some
means for stabilizing the helicopter and deter-
mining the height above the ground. The
equipment most often used is weighted cables
attached to the helicopter. The cables are of
the proper length to yield the desired height
above the ground. For out-of-ground effect
hovering, a line is lowered from the heli-
copter. This line should be approximately 200
ft long and mounted on a hand reel. A 10-15
Ib weight is attached to provide stability and
tension. Tufts are attached at intervals to
indicate airflow sziative to the line. The
equipment for tethzred hovering consists of a
load cell, arresting cables, and a position
sensing device. The load cells commonly in
use are hydraulic or strain gage types. A
suitable readout instrument is assumed to be a
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part of the load cell device. The most suitable
instrument consists of a direct readout,in
pounds in addition to a permanent recording.
Direct readout of the data will allow a
preliminary plot to be constructed during the
test and provide an evaluation of the results in
real time. The pilot will indicate questionable
points, and these will be reflected in the
recorded data. The permanent record wvill
provide data that will show the thrust varia-
tion with power for nonstabilized conditions.
This record also. will provide information
concemning the validity of the instantaneous
test data. These are values usually determined
by averaging or choosing a most representa-
tive value. This may be changed after review-

ing the permanent data recording. The data.

readout may be located in the aircraft or be a
part of the ground station. There are merits to
both methods and the most convenient
should be used. The load cell should be
attached to the ground tether point or to the
aircraft so that when a quick release is made
the loed cell will not be dropped to the
ground and be damaged.

The arresting cables should be in sections
equivalent to the desired heights. This will

facilitate the installation and insure that the
data are obtained at the desired height. Care
must be used to measure the lengths of the
connecting clevises, the load cell, and the
aircraft hoist as well as the cables. In a similar
manner, the weight of each item must be
known. The cables must be of sufficient
strength to withstand the anticipated steady-
state load in addition to some dynamic
loading. For convenience and ease of handling
the cable diameter should be no larger than
necessary. An integral part of the cable
system is a method for a quick release in the
event the pilot has difficulties and desires a
free flight condition. For aircraft equipped
with a cargo hook this requirement poses no
problem. In other aircraft a similar device
should be installed with the actuator switch
located in a premium cockpit position.

It is very difficult for the pilot o maintain
a vertical position over the tethering location
without guidance in some manner. This may
be accomplished by visual references to the
front and to the side of the aircraft or by
radio directions given to the pilot. Visual
references require the pilot continually to
observe out of the cockpit, and verbal direc-
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tions may distract him somewhat. The best
way to accomplish this directingis to provide
a cockpit instrument that will inform the
pilot of his position relative to the tethering
point. An instrument to accomplish this can
be devised by presenting the output from
accelerometers located on the load cell ele-
ment. These accelerometers should be attach-
ed to the load cell in such a manner as to give
an indication of when the load cell is away
from the vertical either longitudinally or
laterally. The display need not include the
exact magnitude of the deviation since data
will be recorded only during a vertical condi-
tion. This arrangement will allow the pilot to

focus his attention within the cockpit and still
not be distracted by excessive radio communi-
cation.

3-8 COMMUNICATION EQUIPMENT

During hovering, takeoff and landing, and
translational tests, it will be necessary to have
communications between the aircraft and the
ground stations. The magnitude of the com-
munication requirement increases consider-
ably when there are individual ground stations
or, teams measuring height, thrust, atmos-
pheric conditions, downwash factors, noise,
and temperature conditions.
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CHAPTER 4

GROUND TESTS

41 GENERAL

The ground tests are the final aircraft
preparation that is necessary prior to conduct-
ing any flight tests. These tests should encom-
pass the total aircraft and/or individual sub-
systems. The tests most commonly conducted
include weight and balance, fuel tank calibra-
tion, control rigging checks, and instrumenta-
tion system calibrations.

Since the performance will be influenced
by gross weight and CG location, the weight
and balance must be known precisely for any
test. The longitudinal CG is normally more
critical than the lateral or vertical CG loca-
tion. The CG location for each test point is
obtained from the empty weight, the fuel
aboard at engine start, and the fuel used. The
aircraft control rigging must be known to
insure that control limitations will not restrict
inadvertently the performance in any way.
The instrumentation system may introduce
significant changes that will not be included
in the individual instrument laboratory Cali-
brations. The system calibrations usually ac-
complished are for the pressure, temperature,
and torque measuring systems.

Detailed instructions and procedures for
instrument calibrations should be obtained
from the appropriate literature or personnel.

4-2 WEIGHT AND BALANCE

The basic or empty weight is important
from a performance viewpoint and may have
contractual implications when it is a guaran-
teed value. This requirement can be deter-
mined from the model specification. A
thorough research effort must be made to
establish the exact configuration of the air-
craft relative to this guarantee. Some items to
be considered are intemal fuel and oil, trap-
ped fuel and dil, intemal equipment, miscella-

neous or mission essential equipment, and
external stores. These items should be as
required in the model specification prior to
any weighing. The initial weighing should be
accomplished immediately after receipt of the
aircraft and prior to any instrument installa-
tion. The documentation must be complete
relative to the previously discussed items and
conditions. The actual weighing procedure

‘will vary with the aircraft and the weighing

facilities. The scale calibration should be
current and the scale should have the required
accuracy. After the instrumentation installa-
tion, the weight and balance should be repeat-
ed to determine the resultant changes.

The most common weighing method for
small aircraft is by use of platform scales. For
larger aircraft, electronic load cells or fixed
floor scales are used. The scale chosen should
be compatible with the gross weight of the
aircraft. This is particularly important for
small aircraft since most large scales are
inaccurate and unreliable at the extreme of
their ranges. For example, a scale designed for
aircraft with weights to 500,000 1b should
not be expected to possess sufficient sensitiv-
ity to weigh accurately an aircraft of 10001b.
The scale calibration data and design criteria
may not indicate this; however, considerable
experience has demonstrated that such is the
case.

.When the aircraft is in the proper config-
uration, it is placed on the scales and leveled
in the specified manner. Usually this is a level
attitude. When weighing out of doors there
should be no significant winds to impose side
loads or lift on the aircraft. A closed hangar
should be used when feasible. Rotor blade or
control surface position will not influence the
total weight but may change the center of
gravity data. Unless specified, these should be
in a symmetrical position. The weighing
should be repeated a sufficient number of
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times to rotate the load cells or scales to each
position. For fixed scales, three weighings will
suffice. All moment arms to the scales should
be measured and recorded. Dimensions from
drawings, decals, or specifications should be
verified by actual measurement prior to being
used in any calculations. The tare values and
serial numbers of the load devices should be
recorded for eachweighing. A sketch of the
equipment arrangement and the aircraft posi-
tioning is also an advisable item. This will
assist later in the center of gravity calculation.

When a fuel tank calibration- has been
conducted previously, the aircraft may be
weighed with fuel aboard. A fuel specific
weight and fuel temperature reading is neces-
sary to correct the data to an empty weight
condition. This weighing procedure should
not be used when the empty weight is a
guarantee value.

The weight information is entered on the
Weight and Balance Clearance Form (DD
Form 365F).

4-3 CENTER OF GRAVITY DETERMINA-
TION

The longitudinal center of gravity location
can be calculated from the weight determina-
tion data. When using these data, the internal
and extemal configuration should be checked
to determine the exact location of any loose
or optional equipment. Rotor blade and
control surface positions may change signifi-
cantly the CG location and should be placed
in a symmetrical position unless otherwise
specified in the weighing procedures. All
moment arms between the scale reaction
points should be accurately measured and
recorded. The moment arm of the fuel usually
will change with the fuel quantity and should
be determined from actual test weighings
rather than from calculated values. This is
accomplished by adding a known fuel incre-
ment, determining the CG change, then cal-
culating the fuel moment arm. A sufficient
number of points should be obtained to
establish a curve showing the fuel moment
amm as a function of fuel quantity. The fuel
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becomes a smaller percentage of the total
weight as the gross weight increases, and the
CG change with fuel quantity will be smaller.
This test should be conducted at minimum
and maximum gross weights. The number of
fuel increments necessary at each conditon
will depend largely upon the shape and size of
the fuel tank. Generally, four values are
sufficient. For tests where the CG location
may be highly critical, it is prudent to
determine the CG with the actual test loading
rather than to rely on calculated values. This
may include conducting a weighing with the
flight personnel at their crew stations. The
longitudinal and lateral CG data are calculated
on the Weight and Balance Clearance Form
(DD Form 365F).

The lateral CG location also can be deter-
mined from the total weight and longitudinal
CG determination data. However, these data
do not provide information relative to the
vertical CG location. Vertical CG data are
obtained by tilting the aircraft laterally while
recording the angle of tilt 6 and the load
reactions W as shown in Fig. 4-1 (A).

(B) Lorge Tilt Angle

Figure 4-1.
Vertical Center of Gravity Determination



For the level condition as determined previ-
ously,

lel = W2X2 (4"1)

and summing moments M about the centerline
yields

EM=W,X;cos8 —WX; —W,X,cos =0

(4-2)
ind = X, Z= X
sin 7 Ty (4_3)

where X5 represents the lateral movement of
the CG. The W, value increases as the tilt
angle increases and at some angle becomes
equal to W as illustrated in Fig. 4-1(B).

When these tests are being conducted, the
tilt angle introduces a side load on the lower
gear which increases with the angle. Care must
be exercised to insure that the loads do not
exceed the limits. The gear must not be
allowed to slide. Also, the aircraft should be
restrained to prevent a tip over in the event
the critical angle is exceeded. The vertical CG
will change with internal loadings and with
fuel level. When these variations may be large,
it is desirable to conduct additional tests to
determine the magnitude of the vertical CG
movement.

4-4 FUEL TANK CALIBRATION

The standard fuel system normally indi-
cates the fuel quantity aboard in pounds. This
may be of questionable accuracy depending
upon the particular system. There is usually
no compensation for variation in specific fuel
weight, fuel temperature, or aircraft attitude.
The increments on the gage are designed for
normal flight operations and may not be of
sufficient resolution for flight test purposes.

The two most common test methods used
for determining the fuel aboard are calibrated
dipsticks and sight gages. These provide infor-
mation as to the fuel quantity prior to engine
start from which is subtracted the fuel used at
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any given test condition to vield fuel aboard
at that time. The dipstick is shaped to fit into
the tank and is inscribed with appropriate fuel
quantity marks. This stick is usually a metal
rod of suitable size and strength. Unusual
fillers and tank shapes render this method
awkward. In addition, it is also difficult to
add a specific quantity of fuel when the stick
must be removed periodically to check the
level during the adding of fuel. A fixture
should be mounted to the aircraft so as to
guide the dipstick to the same position each
time a reading is taken. Consistent, accurate
readings will be obtained only when the
dipstick is in the same position for which the
calibration was taken. Visual sight gages are
designed to show the actual level of the fuel
in the tank. The tank is tapped at the sump or
fuel drain with a clear flexible tubing. This
tubing then is fastened to a rigid support that
is equipped with suitable quantity indicators
to encompass the vertical range of fuel levels.
This support then is attached to the aircraft.
The visual indicator is much easier to use, is
more accurate, and should be given preference
over a dipstick when possible.

The calibration is accomplished by incre-
mentally adding known quantities of fuel and
recording the indicated values on the sight
gage or dipstick. The standard aircraft fuel
system should be calibrated as the test system
is calibrated. The magnitude of the fuel
increments will be determined by the size and
shape of the fuel tank. Most calibrations will
be nonlinear at the capacity extremes where
sump and filler irregularities may be encount-
ered. In these areas increments as small as one
gallon may be necessary. When the calibration
data indicate the fuel added is linear with the
fuel indicated, the increments should be
increased to 5- or 10-gallon quantities. The
fuel added should be taken from calibrated
containers or from a calibrated flow device.
After the fuel increment has been added, the
indicated reading should not be taken until
the level has had sufficient time to reach a
stable condition. The time required for this to
occur will vary with the tank complexity and
shape. Particular care should be used when
multiple or series tanks are being calibrated.
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During the flight program, the aircraft
attitude on the ground will not be the same
for all preflights. Thus, to determine an
accurate fuel level, the aircraft must be
leveled to the fuel tank calibration conditions
prior to taking a sight gage reading. This is
tedious and time consuming since the aircraft
must be jacked and a plumb bob installed to
indicate the position. This procedure can be
eliminated by calibrating the fuel tank as a
function of pitch attitude. The aircraft is
fueled to approximately one-fourth full in a
level attitude, and the fuel indication is
recorded. The aircraft then is pitched down
incrementally and for each increment the
pitch angle and fuel indication are recorded.
The procedure then is repeated for nose-up
conditions. For nonsymmetrical tanks the
variation will not be the same for all fuel
levels, and a calibration should be conducted
for a three-fourths full tank condition. With
these data a plot is constructed as illustrated
in Fig. 4-2.

Actual Fuel Quantity , gal

Indicated Fuel Quantity, gal

Figure 4-2.
Fuel Tank Calibration With Pitch Attitude

From this plot it is not necessary to level the
aircraft since the fuel quantity can be obtain-
ed from the sight gage indicator and the,
aircraft attitude. It is best to use an incli-
nometer to measure the attitude. The meas-
urement should be taken at the same posi-
tion used during the calibration.

4-5 PRESSURE SYSTEM TESTS

The pressure systems normally installed are
the inlet pressure, airspeed, and altitude sys-
tems. The inlet pressure and airspeed systems
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must be leak checked throughout. The sys-
tems should be tested by applying a known
dynamic pressure and then observing the
indicated reading. The indication should not
change with time when the pressure is ap-
plied. The difference between the indicated
and true values is the system error. The
pressure systems also should be tested for lag.
This lag results from pressure drops in the
tubing from friction, orifices, and restrictions
as well as the inertia of the air and the time
required for the pressure change to travel the
length of the tube.

The lag of the system can be determined by
applying a pressure, releasing the pressure,
and then measuring the time required to
return to a predetermined percentage of the
initial value. The airspeed systems should be
balanced by measuring the lags of the total
and static systems, then adjusting the volumes
to provide equal lags. This will reduce the
error of the system during maneuvers, climbs,
and accelerations.

4-6 TEMPERATURE CALIBRATIONS

Most temperature systems are electrical
systems. The temperature indicator calibra-
tions do not include any system losses. The
wire, connections, and soldering may intro-
duce resistances. This will result in a different
voltage reaching the indicator for a given
output from the sensor. A system calibration
will show the effect of the total installation.
This is accomplished by applying a known
temperature to the sensor and recording the
indicated value. The range calibrated should
be greater than that anticipated during the
program. This range normally will be from a
hot day hover of 40°C to cold high altitude
temperatures of —25°C,

The temperature source should be applied
to the sensor. In order to obtain the total
system error, the temperature source must be
an accurate stabilized input. Liquid baths
with ice or carbon dioxide are not stabilized
easily, and a great deal of effort must be spent
to be sure the liquid is well mixed. This is the
least accurate calibration standard. A more



common method 1s to apply an electric
voltage calibration to the system as near to
the sensor as possible.

47 CONTROL SYSTEM RIGGING AND
CALIBRATION

The control system rigging is checked with
the maintenance procedures and tolerances
prior to testing. Appropriate changes are
made to achieve the proper values. In addition
to the normal rigging procedures, any linked
or programmed control surfaces such as ele-
vators also should be calibrated. These devices
usually are connected to the longitudinal
cyclic or collective sticks. Some devices may
be operated by dynamic pressure, in which
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case, a pressure is applied and the motion is
recorded. The performance analysis also re-
quires information concerning the blade mo-
tions as a function of control positions. The
depth of the analysis will establish the detail
required in the calibration. The minimum is
one blade azimuth and one location. An
inclinometer mounted to the blade is used to
give the angle of deflection. The control
motion should be in the same units as those
to be recorded during the tests. Blade tracking
is included in the control rigging tests.

The engine rigging also should be checked
to insure proper acceleration schedules and
biasing for any pressure or temperature
SENSOrs.
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CHAPTER 6

HOVERING PERFORMANCE

5-1 GENERAL

The hovering flight regime was for many,
years the exclusive domain of the helicopter,
but now is shared by other forms of VIOL
vehicles. During the steady-state hovering
condition the rotor is in the simplest aero-
dynamic mode that will be encountered in the
flight envelope. This condition affords the
best opportunity for evaluating and compar-
ing the rotor with appropriate contempo-
raries. The cyclic control inputs by the pilot
are limited to those required to balance the
pitch and roll moments of the aircraft, while
the collective pitch requirement is that neces-
sary to produce anet thrust equal to the gross
weight. The directional control input is that
required to oppose the torque generated by
the rotor. The data usually are recorded
during low wind conditions which contribute
a minimum of random moment upsets. These
upsets, of course, must be countered by pilot
control inputs and generally Wil influence the
resultant hovering performance values and
repeatability to some degree.

The purpose of the hovering performance
tests is to measure the total power required to
produce a given amount of hovering capabil-
ity and to evaluate the rotor performance.
The end result will be to provide sufficient
information to predict the hovering perform-
ance over 'a wide range of operating condi-
tions and mission profiles. The nature of the
testing and the data recorded also should be
such that the design engineers can utilize the
results to validate the design assumptions,
compromises,and the basic equations.

The scope of the tests should be sufficient-
ly comprehensive to minimize the extrapola-
tion necessary to define any operating condi-
tion within the hover envelope. This requires
that the aircraft configuration and operational
parameters be varied over the widest possible

range. Since the helicopter is highly sensitive
to ground proximity, hovering tests within
the ground effect region are necessary at
various ground elevations. High field eleva-
tions usually involve remote test sites with the
attending support and logistical problems.

The testing is normally accomplished in
relatively calm wind conditions (less than 2
kt) to reduce disturbances since an acceptable
wind correction procedure is not currently
available. Several factors complicate tests
conducted during windy conditions. First,
most rotors are very sensitive to small cross
flow velocities and significant changes in
thrust are immediately apparent. This situa-
tion becomes more complex with observance
of a change in relative wind velocity as well as
direction. The nature of wind is such that
velocity distributions (gust spreads) normally
are encountered. The probability of finding
similar wind conditions on successive tests to
check for repeatability of data is unlikely.
The second significant problem is to stabilize
the aircraft in order that representative per-
formance data can be recorded. The pilot
must apply controls to compensate for the
moment and thrust changes caused by the
wind and other disturbance factors. Thus, a
dynamic condition is created with respect to
helicopter control, engine power, thrust, and
height above the ground. Depending on wind
velocity, gust spread, hovering height, and
aircraft characteristics, these changes may be
very small or quite large. The total power
required in hover is then the sum of the
power required to produce an effective thrust
to weight ratio of one and the control power
requirements generated by the gust upsets.

The flight planning for a successful hover
operation is no small task, and should be
thorough. The complexity generally results
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from the number of ground personnel, man-
agement and coordination of the ground
operation, and the remote site operation. Any
omission in the planning will result in a
decreased productivity, increased safety haz-
ards, and perhaps a delay during the test
operation. Even a small delay assumes major
proportions when considering the critical na-
ture of the atmospheric requirements.

The technique used to obtain the data
should be the most suitable for the particular
test vehicle and the recording equipment, and
which will result in the highest productivity.
For machines not normally equipped with a
cargo hook, restraining cables or the load cell
may be attached to the appropriate structural
points. When this cannot be accomplished, a
free flight technique must be used. The pilot
technique should not be a significant factor in
the validity of the quantitative data. It is,
however, a prime factor in the productivity of
the test. The pilot continually should develop
his technique for quickly stabilizing the air-
craft and, when stabilized, making a minimum
number of control inputs during the recording
period. A thorough knowledge of the flight
control parameters, aircraft behavior changes,
and the test sequence will contribute signifi-
cantly toward increased pilot proficiency in
the testing. The data recording procedures
should be arranged to maximize the recording
efficiency during premium atmospheric condi-
tions.

The hovering data reduction effort is easier
and less complex than for other tests encount-
ered during the course of a flight test pro-
gram. Care must be used not to overlook any
“fallout” test results from the primary hover-
ing tests. Some of these include stability and
control, environmental, ground proximity,
noise, vibration, and propulsion performance
data. The data reduction procedure is sim-
plified greatly by the nondimensional meth-
od, and the data are most adaptable to an
automatic data processing procedure.

52 PLANNING

The hovering performance tests must be
planned carefully since there are ground
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station personnel as well as the flight crew
involved. The tethered hovering site must be
reserved for the proper time. The site must be
inspected for restricting obstacles and to
insure that the equipment is properly placed
and operable. The load cell must be checked
for satisfactory range, operation, and current
calibration. The tethering cables must be
available in the proper lengths. An often
neglected item is a sufficient number of
connectors to accomplish all the necessary
cable connections. The quick release mecha-
nism must be checked to insure a satisfactory
and safe operation. Arrangements with the
support groups should be made to provide the
necessary photographic, fire suppression, re-
fueling, rescue, and maintenance support. The
proper amount of ballast and number- of
handling personnel must be available to
achieve quickly the desired gross weight
changes. Radio and other communications
must be planned carefully to insure that
sufficient equipment will be available with
compatible frequencies assigned to the test
operation. The atmospheric equipment must
be available to measure wind velocity, wind
direction, free air temperature, and atmos-
pheric pressure.

The planning best can be accomplished by
first obtaining the data requirements from the
test plan, then determining what data must be
recorded, and, finally, insuring that the per-
sonnel and equipment are available to accom-
plish the various tasks. When support groups
are involved, it is wise to inform them of the
requirements and then generally to discuss
with them how they will fulfill their responsi-
bility. From this discussion, it will be possible
to determine their state of preparedness, how
much checking is needed, and how much
assistance will be required. The important
thing is to make the specific requirements
clearly understood so far as they are known.
In the event they are not known, general
requirements should be given and the support
group then should provide the best response
within their capability.

Data cards should be prepared for the flight
crew as well as the ground crews recording
data. These cards should be prepared in as



much detail as possible to allow the most
accurate and efficient recording of the data. A
typical flight card for the air crew is presented
in Table 5-1.

The personnel recording the atmospheric
data should record free air temperature, ambi-
ent pressure altitude, wind velocity, wind
direction, and the time of day for data
correlation purposes. When sufficient com-
munications are available, they also should
record point number, gear height, and thrust
load. These parameters will insure exact data
correlation with the data taken at other
recording stations. When there are several
groups participating, it may be advisable to
have each prepare their own cards and then
coordinate them with the control group. This
will allow each group to provide their special-
ized input and to reduce the workload for the
control group.

When the flight cards have been prepared
and coordinated, a briefing should be con-
ducted. The test detail covered in the briefing
will be dependent upon the number of per-
sonnel involved and the complexity of the
test. The most effective way to accomplish
the briefing is through a series of preliminary
briefings prior to the formal group briefiig.
The preliminary briefings may be with in-
dividuals or with the. test groups. Specific
items should be covered in great detail so that
action, timing, sequence, and data require-
ments are clearly understood by all con-
cerned. Following the preliminary briefings,
the entire participating group should be
briefed collectively. This briefing should be
general in nature and should stress the opera-
tional interfacing of the groups since the

TABLE 5-1

HOVERING PERFORMANCE FLIGHT CARD

Point number Free air temperature

Gear height Pressure altitude
Rotor speed Engine speed
Ballast aboard Enginetorque
Engine start gross weight Inlet temperature

Fuel counter number Thrust load
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pertinent details have been discussed previous-
ly. Bach group should be presented a general
knowledge of what the other groups will be
doing and the internal workings of the total
team. Safety is of prime importance for
personnel working near the aircraft. It is
important to have one individual in charge of
the ground support team. The aircraft crew
chief is the logical choice since he is the
individual most familiar with the individual
test adrcraft, This individual should designate
participants in such tasks as reballasting and
instrumentation support. This will minimize
the possibility of personnel walking into tail
rotors, yaw booms and intakes, etc. Every
effort should be made to avoid lengthy
briefings. Time is valuable and when more
than ome flight per day is involved, a great
deal of time can be consumed by briefings. In
addition, deviating from the significant points
can introduce extraneous material and con-
fuse the pertinent issues to the extent that
personnel may leave the briefings lacking the
information they require. Adequately control-
ling a targe briefing is a difficult task and
must rot be treated lightly. The amount of
briefing required will depend on the experi-
ence level of the test team. It is reasonable to
assume that the proficiency level of the team
will be dependent on the least proficient mem-
ber ¢1 the team at some time during the tests.

5-3 MNETRUNMENTATION

The Instrumentation required for hovering
performance will vary somewhat with the
method being used to obtain the data. For all
methaods where the helicopter is close to the
ground, it is mecessary to record the ambient
atmeospheric conditions quite accurately since
the helicopter 1s very sensitive in this area.
The ground instrumentation includes meas-
urement of wind velocity, wind direction,
free air temperature, and static pressure. For
the tethered hovering method, a load cell
device sheuld be used to record the thrust
generated by the helicopter. These data
showhd be presented visually and permanently
recorded by am automatic recording device.
Tho viswal data are suitable for average values
and for monitoring the test progress. The
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automatic permanent recording is necessary
to validate the manually recorded visual data
and to provide transient information that can
be correlated with other aircraft parameters.
Detailed discussions of the ground equipment
necessary to measure gear height and other
items have been presented in Chapter 3.

An airborne instrumentation system is re-
quired to record steady-state and dynamic
conditions. The steady-state performance
parameters presented in the cockpit or the
recorder’s panel should include the items
shown in Table 5-2.

Additional parameters such as ballast aboard,
thrust load, height above the ground, free air
temperature, wind velocity, and wind direc-
tion will be obtained from extemal ground
sources. When an automatic analog recording
device is available, the additional parameters
shown in Table 5-3 should be recorded.

These aircraft position and motion parameters
will be required to correct the power and
thrust data for aircraft or pilot transient
movements.

Every effort should be made to correlate all
the automatic data recording devices to in-
clude the ground equipment.

54 TEST METHODS
54.1 GENERAL

The hovering performance tests may be
accomplished on a vertical thrust stand, in
tethered flight, or in free flight. The vertical
thrust stand tests provide the greatest pro-

TABLE 5-2

VISUAL COCKPIT INSTRUMENTATION
FOR HOVERING PERFORMANCE

Fuel used Event marker
Enginetorque Counter number
Rotor speed Inlet temperature
Engine speed Free air temperature

Pressure altitude
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TABLE 6-3

AUTOMATIC RECORDING INSTRUMENTATION
FOR HOVERING PERFORMANCE

Event marker Longitudinal stick
Counter number position
Engine torque Lateral stick position
Engine speed Collective stick position
Rotor speed Pedal position
Angular acceleration Linear acceleration

(all axes) (all axes)

Attitude (all axes) Rate (all axes)

ductivity but are very difficult to perform,
For all these methods it is necessary to record
the ambient atmospheric conditions. The air-
craft temperature and pressure readings do
not provide accurate ambient data when the
helicopter is near the ground. Recirculation
flow and engine gases entering the downwash
can cause significant changes. For most heli-
copters, the downwash under the center of
the rotor disk is very small, and direct
impingement of the rays of the sun on the
fuselage near the hub can result in a heat
soaking effect. The weather station should be
established as close to the test site as possible
which will avoid the downwash influence. The
wind velocity, wind direction, free air temper-
ature, and pressure altitude should be record-
ed at a minimum of every 5 min during the
progress of the tests. More frequent readings
generally are desirable and are imperative
when unstable or unusual conditions are
observed. The weather station personnel
should have predetermined values at which to
inform the control group that unfavorable
conditions are being recorded Significanttest
events and any unusual occurrences observed
should be recorded by the weather station
personnel.

5-4.2 VERTICAL THRUST STAND

The vertical thrust stand hovering perform-
ance technique requires the greatest amount
of preparation. The mounting fixtures must
be prepared, and the stand must have a
current calibration and be in operable condi-



tion. The data recording procedures must be
thoroughly established and personnel briefed
since the productivity is extremely high and
there is limited time available during the test
for other than data acquisition. The vertical
thrust stand normally has a capability of
recording both forces and moments. There
also may be an attitude and height variation
feature. Prior to the tests—when the aircraft is
mounted in the desired condition—tare read-
ings should be taken for all parameters, and, if
possible, all forces and moments should be
zeroed. The best test procedure is to obtain
data for one variable at a time. The baseline
performance thrust should be measured as a
function of engine power at a minimum
height above the ground with all .controls
centered and the aircraft in a level attitude.
Changing height or aircraft attitude is time
consuming, and it is usually best to accom-
plish all possible tests prior to changing these
conditons. Following the power sweep, a test
should be made at full power while varying
the collective pitch or other existing thrust
modulating devices. Since most helicopters
achieve control largely through thrust vector-
ing, there is usually a vertical thrust loss
during any control input. Each axis should be
explored to determine the magnitude of the
loss as well as the control moment generated.
When testing one axis, great care must be
taken to insure there is no input on other
axes. When possible, a flight control fixture
should be installed to aid the pilot in this
task. A minimum number of points on these
tests are four in each direction from neutral.
Exteme caution should be used that the
moments are of insufficient magnitude to
damage the thrust stand or the aircraft. This
can be a formidable task when the aircraft
capability is not well known. The moments
obtainable may be so great as to cause
excessive blade flapping or fuselage bending
with resultant permanent damage. Following
the individual control axes evaluation, it may
be desirable to investigate the case of static
and dynamic simultaneous control inputs.
The hazards are increased during this test, and
a careful build-up technique should be used
with the static conditions being tested prior
to entering any dynamic conditions. These

AMCP 706-204

tests should be repeated at different heights
above the ground to evaluate the effects of
ground proximity and at different attitudes to
evaluate the rotor vector directional effects.

Each static point should be maintained a
minimum of 30sec to allow the engines, rotor
wash, and other parameters to stabilize. A
greater stabilization period should be used
when feasible. Data should be recorded at
several intervals during the test run. The pilot
should set the required conditions and inform
the ground personnel when the specified test
conditions are attained. During this set up
time the ground equipment should be mon-
itored with a view toward establishing a stable
indicated data condition. When the stable
condition is achieved, data should then be
recorded simultaneously by the recording
devices and personnel. A countdown may be
useful when automatic devices are not being
used. Time and counter correlation must be
given special attention to aid in the data
reduction, presentation, and analysis. An
“event” device is of great assistance to corre-
late the information. After each test has been
completed, a repeat tare reading should be
obtained at the initial condition to determine
any bias of variation that may have occurred
during the test.

The vertical thrust stand provides a unique
opportunity to obtain environmental data.
The major difficulty is to record the data in
the time period available at each test condi-
tion. When the environmental equipment
must be moved from station to station, the
primary test may be delayed to provide
sufficient time to obtain these data. Unless
the data can be recorded simultaneously at
several locations, it is best that the primary
performance test not be delayed for secon-
dary objectives. In this situation, it is more
advantageous to define completely one area
than to measure inadequately the data for
several locations. Refueling is a significant
problem for most aircraft and, if possible, fuel
should be used from a .ground source. This
will reduce delays caused by frequent refuel-
ing operations. The necessary instrumentation
work also must be carefully scheduled and
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swiftly accomplished to prevent excessive loss
of valuable test time.

54.3 TETHERED HOVERING

The preparations required for the tethered
hovering technique are less difficult but the
test operations are more difficult than the
vertical thrust stand technique. The most
advisable way to accomplish the tethered
hovering tests is to start at an intermediate
height and then to progress to the high and
low extremes. The pilot effort is highest at
the out-of-ground effect (OGE) position be-
cause of orientation and position difficulties,
and at the minimum height because of the
ground effect influence. The quick release
mechanism should be checked with the air-
craft on the ground initially and in the air
with a moderate load to familiarize the pilot
with the aircraft reaction in the event the
cable breaks, the cargo hook fails, or a
deliberate disengagement is accomplished.
The aircraft should be positioned with the
relative wind in a manner which will minimize
the directional and lateral control require-
ments.

At a given gear height, the power should be
varied incrementally from a minimum re-
quired to hover at the height to the maximum
power available. Again, from an operation and
safety standpoint, it is advisable to start at a
low power and then to advance in power
increments to the higher power conditions. A
range of rotor speeds also should be used to
give the maximum available variation in thrust
coefficient. The sequence of rotor speeds is
not of significance but care must be taken to
insure that a complete curve is obtained for
each rotor speed used. Normally, three rotor
speeds are sufficient and a minimum of six
points for each rotor speed is necessary.
Additional points will better define the curve
and increase the confidence level in the data.
Prior to recording the data, the aircraft should
be stabilized with respect to vertical align-
ment, power, and control positions. Thrust
indications- should be monitored to insure a
reasonably steady value and a representative
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static condition. Data should be recorded over
a minimum time interval of 30 sec with a
greater period being desirable. The pilot usu-
ally must make small control inputs during
the data recording time and these should not
invalidate the data. The collective stick or
thrust control and, for tail rotor helicopters,
the directional controls should not be moved.
The cyclic control movements should be held
to an absolute minimum. In the event power
is changed, the point should be repeated.
During the recording interval, the indicated
thrust level will be fluctuating to some degree.
The pilot or engineer should use an event
marker to identify the stabilized values. A
signal, such as a landing light, can be incorpo-
rated into the event marker switch. This will
enable the ground personnel to identify the
exact time the data are being recorded. It is
advisable to record the maximum and mini-
mum values observed as well. A representative
value should be plotted against some power
variable during the test in order to monitor
the test progress and the data validity. This
plot also can be used to control the power
increments which will insure a suitable distri-
bution of the data points through the avail-
able performance range. The tests should be
repeated at various heights from the minimum
in-ground effect (IGE) to a height of 1.5 rotor
diameters. The height increments should be §
ft to a height of 20 ft and then 10-ft
increments at the greater heights. The size of
the helicopter and the nature of the ground
effect will indicate any advisable changes to
the suggested increments. When possible, the
gear heights should be measured from the
ground. Another convenient way to measure
the height is to drop a weighted measure from
the aircraft to the ground. The attitude
should be considered, and it is usually best to
take readings both forward and aft on the
gear. This is of special importance for large
helicopters where the height differential may
be several feet.

The effects of any existing wind can be
evaluated to some degree by hovering with
relative winds from each quadrant. Normally
the tests are conducted in winds less than 2



kt. Winds in excess of this value result in an
excessive pilot workload, large thrust varia-
tions, and a generally unstable data gathering
condition. At the present time there is no
adequate method to correct the data for these
types of wind effects.

5-44 FREE FLIGHT HOVERING

The free flight hovering method normally is
used only to check specific performance
guarantees and to insure that the tethering or
thrust stand restraints did not cause a per-
formance loss. This method is used as a
primary data gathering method only when a
tethered technique is not feasible.

The free flight hover technique may be
accomplished near the ground or at altitude.
Near the ground the technique most com-
monly used is to ballast the aircraft for an
OGE hover capability and then to set the
power to obtain a low height IGE hover.
Power then is increased incrementally to
obtain data at several heights until the OGE
height is reached. Rotor speed is maintained
constant during the series of data points, and
the height is measured for each stable condi-
tion. The test then is repeated for various
gross weights and rotor speeds. The primary
difficulty is to determine the hover height
since fuel constantly is being consumed and
the helicopter is climbing on each data point
during the recording period. Another varia-
tion of this method is to vary power and rotor
speed while maintaining a constant height.
When varying the rotor speed, time can be
saved by utilizing the previous rpm setting for
the next time point. For example, if low,
medium, and high rpm settings are utilized for
a test condition, the test following could
utilize a high, medium, and low rpm se-
quence. Care must be observed when varying
rpm rapidly at the critical hover ceiling
condition.

Gear height then is varied incrementally
and the test is repeated for a range of gross
weights. The major problem with this method
is establishing and maintaining the desired
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height since the pilot continually must be
provided height information during the stabi-
lizing period and must change the thrust
controls accordingly. This reduces the test
productivity since it is both tiring to the pilot
and time consuming. When stabilized, the
thrust control should not be moved. The
cyclic control movements should be kept to
an absolute minimum. An event marker is of
assistance in identifying the exact stablized
condition. In addition, the data must be
recorded very rapidly to reduce the effect of
the aircraft climbing as fuel is consumed.

In some instances, it is desired to obtain
hover ceiling performance data at particular
gross weight, altitude, and power conditions
which may be at a considerable height above
the ground. The problem with this technique
is that an indicated hover, which is a true zero
airspeed condition, is difficult to achieve
without a ground or artificial reference for
the pilot. A true reference can be obtained
from a weighted, tufted string suspended
from the helicopter. The string should be
approximately 200 ft long with tufts attached
at intervalsto aid in airflow identification and
reference. The hover height that can be
attained should be calculated prior to the test
to avoid spending an excessive amount of
time searching for the proper altitude. The
hover condition should be approached from
below and climbed into rather than approach-
ed from above where high rates of descent or
settling with power may be encountered.
When the aircraft is in a position slightly
below the anticipated hover altitude, the pilot
should slowly decrease airspeed and approach
the hovering condition. The airspeed indicator
will become inoperative below approximately
20 kt and the pilot then must proceed on
aircraft feel, control positions, altitude, and
attitude references. As airspeed is reduced
further, the helicopter will pass through trans-
lation which usually is evident from the
vibration, trim, and power required changes.
The reference string should now be lowered.
As the string is lowered to the required
length, a bow will be knotted in a direction
opposite to the relative wind velocity. The
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tufts will react in a similar manner. The pilot
should be advised to move the aircraft, by
longitudinal and lateral control inputs in a
direction which will remove the bow from the
string and the directional aspects from the
tufts. The stringnow may exhibit a character-
istic ripple or wave motion, which indicates
the downwash is traveling vertically along the
string. A true hover now exists although the
pilot should verify the condition by moving
the aircraft while observing the string for
anticipated results. Usually this procedure is
done only once to determine the aircraft and
string characteristics at the hover condition.
When the hover condition is attained, the data
should be recorded as rapidly as possible,
while monitoring the string to insure that the
hover condition is maintained. The aircraft
will be climbing slowly during the stabilizing
and recording period. This should not influ-
ence significantly the data validity unless the
fuel consumption is very high and the data are
not recorded rapidly.

When at the hover condition at altitude, it
is advisable to obtain-data for several different
rotor speeds. The pilot should slowly change
the rotor speed. In the event a high rate of
descent develops, the test should be aban-
doned immediately since a power settling
condition can develop. The string operator
should be prepared to jettison it should the
pilot be required to increase forward speed. In
this situation, the relative wind will carry the
weighted string aft in the direction of the tail
rotor. By the same token, the pilot should
give the string operator as much warning as
possible prior to leaving the hover condition.
When the data have been recorded, the string
should be retrieved prior to increasing air-
speed. Under no circumstances should the
string be securely fastened to the aircraft or a
passenger in the aircraft. Since there is a
possibility of losing the weight or jettisoning
the string, the test should be conducted over
an uninhabited area.

This method is the most difficult to per-
form from a pilot workload standpoint due to
the lack of adequate visual references or

. 5-8

instruments. Particular care should be taken
when varying rpm under these conditions.

5-5 DATA REDUCTION

The data reduction should be conducted as
soon as possible after the testing has been
accomplished. This will allow prompt resched-
uling of the test in the event the data are
unsuitable and also will prevent the accumula-

» tion of a backlog of data processing. The data

must first be obtained from the various
recording devices and personnel, and convert-
ed to engineering units if applicable. The data
cards should be checked carefully for legibil-
ity and completeness. The recording person-
nel should review the card and explain each
item and be questioned to insure that no
important events are committed to memory
and not subsequently recorded. The latter is a
common occurrence when data are being
acquired rapidly. Following the assembly of
the card, the next effort is to correlate them
both individually and collectively. This must
be done carefully and completely to insure
that the reduced test results will be usable in
al respects. Many times the exact data pre-
sentation is not known at this time and, as
such, no effort can be left undone with
respect to correlation.

If data were recorded on magnetic tape and
then processed through a ground station to
produce the engineering data, instrument and
position error corrections must be applied
before the data can be processed further.
Many ground stations have the capability of
applying instrument corrections, and the
printout from this facility then is suitable for
additional processing directly. It also may be
desirable to leave the data in tape form for
additional automatic processing.

The oscillograph roll must be developed
and read to obtain engineering data. Prior to
reading any data from the roll, all possible
calibration factors must be checked, as well as
the voltage monitor, to-determine how the
calibrations should be biased. Following this,
the trace deflections may be read, calibrations



are applied, and the corrected data are then
available for plotting for additional analysis.

The photo panel film is developed and the
indicated values are recorded. Instrument and
position error corrections are applied, and the
data are in a form suitable for additional
engineering effort.

The hand recorded data are corrected and
processed as soon as the aircraft has returned
from the test flight. This will provide infor-
mation in the shortest time with a minimum
reduction effort. Additional time may be
saved by transmitting the data to the ground
for immediate reduction as the test pro-
gresses.

The preliminary planning should have estab-
lished the data reduction procedures, and the
effort should proceed smoothly. However,
there usually 1s insufficient time, knowledge,
and manpower available to accomplish all
planning prior to the start of the program.
The equations to be used must be established
and arranged in alogical order with respect to
entry of the test data. It is best to record the
data in the sequence of the readings taken
from the primary recording instrument. Any
necessary corrections are made then in ad-
jacent areas on the data reduction form rather
than on a separate document. Then test data
are entered and the required calculations are
performed in the order that will be most
efficient and useful.

As soon as the initial data reduction form is
completed, a known test point should be
calculated to check for omissions, errors,
continuity, and suitability of the arrange-
ment. Usually it is necessary to revise the
form. In some cases, it may be desirable to
divide the form into various areas such as
power, dimensional coefficients, and correc-
tion procedures. This often is done on com-
plex programs to reduce the complexity of
each individual form or to permit several
groups to process data simultaneously.

If a computer will be used to reduce the
data, the hand reduction form may now be
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given to the computer programming personnel
as a guide in developing a computer program.
The resulting program then is checked by a
hand calculation with an identical point to
insure that there has been no programmingor
translation error. These checks then become
an integral part of the data reduction records
and may be used at any time to accomplish a
confirmatory check. Some engineering input
should be applied to the program to facilitate
the presentation and analysis of the data. It is
useful to have the computer output contain
the flight number, flight date, type of test,
and any other pertinent identification data.
The machine time used also may be noted on
the printout since this information can be
used for both current and future planning
purposes. The program should be constructed
s that the input data may be printed or
plotted prior to performing any calculations.
This printout can be examined to verify the
validity of the input and to detect errors
introduced by the data handling procedures
to this point. It is also advisable to have a
printout of the current and effective date of
all the calibrations to be used in the calcula-
tions. All too often instruments are recali-
brated or changed, and the change is not
reflected in the automatic data processing
(ADP) procedures. The computer output data
may be in a physical form that is difficult to
work with. It may be helpful to transfer the
computer values to the hand reduction form
or to prepare another summary-form. This
new summary form should contain all the
data that are to be plotted or that require
further processing. The unwieldy, fragile com-
puter sheets may then be filed for reference
while working and plotting from the summary
form.

A manual data reduction form, for reduc-
ing hovering performance data for a typical
helicopter, is presented in Table 5-4*.

The instrumentation, position, and system
error correction procedures are included on
the form primarily for illustration purposes. It

*The datareduction forms (tables) are located at the end of
each chapter.
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1s usually better and more convenient to
accomplish these steps elsewhere and enter
only corrected values on the reduction form.
The fuel specific gravity topic is discussed in
detail in Chapter 14. The inlet performance
was included on this form for completeness
although 1n general practice it is accomplished
as shown in Chapter 13.

The reduction form, of course, will vary
with the test vehicle depending upon the
rotor configuration, aircraft configuration,
and the propulsion system. Changes also will
be necessary for variations in the data acquisi-
tion systems and correction methods. The
data entered on the form should be obtained
from the most accurate data source, regardless
of the type of recording system being used.
During the data reduction process, the engi-
neer should monitor the critical parameters to
insure accuracy and personally should make
random calculation checks. It is helpful also
to make preliminary plots which will show
general trends and orders of magnitude.

656 DATA PRESENTATION

When the data reduction has been complet-
ed, consideration must be given to how the
data are to be presented and reported. The
most useful and common method is the
graphical form. Plots can be used to show the
greatest amount of information with the
smallest volume. Clear, concise, and useful
plots are not constructed as easily as one
might imagine. There are several cardinal rules
that must be followed namely :

1. The plot must be clear with respect to
intent and content.

2. Too many parameters tend to confuse
the reader and the desired meaning is no
longer clear.

3. The scales, symbols, and curves must be
labeled clearly and identified.

4. The reader should not be required to
research the entire report, perhaps in vain, to

5-10.

determine what the conditions were on a
particular curve or point.

5. All the items on the plot should be
logical and the format should be obviousand
consistent. These rules should apply con-
sistently for format, symbology, abbrevia-
tions, and definitions. The artistic aspects are
important. A plot that is attractive will be
more useful than one that is otherwise, all
other factors being equal.

Some typical plots are illustrated in Figs.
5-1 through 5-8 and discussed in the para-
graphs that follow. For the free flight, con-
stant power technique, a plot is constructed
from the data contained in steps 30, §5, 59,
and 63 of the data reduction form, Table 54,
The resultant plot is shown in Fig. §-2. There
will be a similar plot for each constant power
setting tested. The various rotor speeds and
density altitudes are denoted by the various

A/C  Model A/C S/N

HOVERING HEIGHT 41, , ft

Symbol Rotor Speed Density Aftitude Wind Velocity, ¥, , &t

N, ,Tom ”a AL Wind Dir-Deg From Nou =
TECHNIQUE :
|. Tethered hover
2. Height measwred from
bottom of landing geor
to the ground
]
-
)
4
i
==
£"
s €
] 2
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S §
"
3
Y T
& g
I 2
2 ]
= @
o
3ot
! INCREASING ————»

Thrust Coefficient &, = -;-‘—7(7')2
Figure 5- 1. Nondimensional Hovering
Performance and Collective
Stick Positions
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The series of nondimensional plots illus-
trated by Fig. 5-3 is used to construct cross
plots showing collective pitch as a function of
thrust and hovering height (see Fig. 54). The
plot is constructed by entering Fig. 5-3 at an
even thrust coefficient value and reading the
corresponding collective stick position at a
given rotor speed. A summary data reduction
sheet is shown in Table 5-6.

€

A7C Modsl Alc SIN plotted to obtain Fig. 5-3. As previously
Symbol  Rotor Spesd Density Altitude Wind Veloclty Yy, (W discussed in par. 5-4, there will be one of
Meotom Myt Wind Dir-Deg FromMose * these plots for each hovering height tested.
T ot power avollabls Various symbols are used to show the differ-
£f s %ﬁ Ef'l."."?ﬁ;nﬂ'.';\',er ent altitudes and rotor speeds. All the data
&3 " trom Beomef akdd obtained for a given hovering height are
- to the grounds
§§ plotted on the same figure.
]
3

3
(]

NOWN

TABLE 5-6

Hoon
INCREASING ————3»

Howering Height

SUMMARY COLLECTIVE STICK REQUIRED

INCREASING

Thrust Coefficient Oy = pd_(,.-ﬂ_ﬁ)z HW CT NR ) sc CP ocP

The plotted values then yield Fig. 5+4.

Figure 5-2. Ground Effect Influence

on Hovering Performance 87C Modsl A/c SIN
Wind Velocity Vy® Kt

Gear Haight 4, =

symbols drawn around the data points. These Tethered Hovering Technique
plots then are entered at the desired hovering SYNEOL ROTOR  SPEED DENSITY ‘ALTTTUDE
heights to obtain the precise Cp and Cj values o Moo 1Pm B
required to hover at that height. In order to a
insure completeness, accuracy, and adequate
documentation, it is advisable to use a sum-
mary calculation data sheet’as shown in Table i
5-5. Rt

wf

i 4

TABLE 55 3
SUMMARY HOVER PERFORMANCE :,é /
5
HW CT Nﬁ 530 CP H o
These values are then plotted in the format
illustrated by Fig. 54.
INCREASING o
For the tethered, thrust stand, or constant Thrust Costficiont ¢p

altitude free flight technique, the nondimen- ARR
sional data form steps 30, 55, 59, and 63 of Figure 5-3. Nondimensional
the data reduction form, Table 54, are Hovering Performance
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Further summary calculations are facili-
tated by summarizing the nondimensional
performance as shown in Fig. 5-5, This 1s
accomplished by entering the curves ilhs-
trated by Fig. 5-3 and reading the faired line
values of Cp for incremental Cp values. A
summary data reduction form is shown in
Table 5-7.

TABLE 5.7

NONDIMENSIONAL HOVERING SUMMARY

Cr Cp Hy

The C, scale 1s staggered to give a reasonable
spacing for the values of the various hovering
heights. Symbols normally are not used on
this type of plot since there are no test points.

VARIATION WiTH COLLECTIVE 8TiCK

A/C Model A/ S/N

Darivad from Figs. e throvgh
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Figure 54. Hovering Perfformance Variation
With Collective Stick
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The resultant curves should make a family
with characteristic trends. Curves now are
faired in @ manner that will show continuity
and characteristic shapes. The modified fair-
ings are not transferred to the data points on
the original nondimensional curve. General-
ly, there 1s sufficient scatter in the test points
to allow curve fitting which satisfactorily
matches the composite plot (Fig. $-5) and still
passes reasonably well through the test data
(Fig. 5-3). Failure to meet these criteria is an
indication that the test values are invalid or
that the data reduction was in error.

From the nondimensional summary plot it
is possible to calculate performance in most
any desired manner. Performance at a given
altitude may be presented as shown in Fig.
§-6. The altitude may be presented as shown
in Fig. 5-6. The altitude, temperature, and
goss weights selected maybe any desired

A/C  Mode! A/C /N
Oarived from Fige. —_ through

Y
3
8—n

Hovering Height N’ py— ]

POWER COEFFICIENT C ‘3508
.
L ]

- %

INCREASING ————
Theust Coatficlant £\ 2

._L_.‘
amQm

Figure 5-5. Nondimensional Hovering
Performance Summary
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Tempercture & c

Gross Waight = ﬁulmum Alwrnote

INCREASING

M
[-]

Grose Weight t Design

Hovering Height

INCREASING

o

INCREASING —————3
Engine Output Shatt Morsepower

Figure 5-6. Hovering Performance

values. The weights most commonly wed am
design values or those conditions for which
guarantees were made. The gross weight, rotor
speed, and altitude conditions selected estab-
lish the Cp. This value then is used to enter
Fig. 5-5 and obtain the Cp required for each
hovering height. The Cp is then solved for
SHP and plotted to yield Fig. 56, A summary
data reduction form is presented in Table 53,
Transmission or power limits should be label-
ed on the plot to indicate the maximum
performance available. Thes¢ limits are ob-
tained from the power available curves shown
in Chapter 14.

TABLE 58
SUMMARY HOVERING PERFORMANCE
Hp T, H, N, p AQR)

3
A(QR) ¢, ¢ Hy

Nevering Meight w11
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The determination of out-of-ground effect
hover height is best shown by a plot such as
that illustrated in Fig. 5-7. Thrust coefficients
are chosen which cover the maximum range
of the test data. These values then are used to
enter the summary hovering plot (Fig. 5-5) to
obtain the C, and hovering height. The
out-of-ground effect line then is drawn
through the points where there is no power
required increase with additional hover
height. The line then is plotted as a function
of Cp as shown in Fig. $-8. From this plot the
OGE height may be calculated for any desired
operating conditions.

The figure of merit and mean lift coeffi-
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